THEuE is a very close association between hypertensive disease and arteriosclerosis. This relationship is early recognized by studying the retinal vessels in hypertensive subjects and may be a source of confusion in fundus interpretation.
The ophthalmoscope enables us to observe the blood column in a retinal arteriole, since the wall of the vessel is almost transparent in health; and from variations in the appearance of this blood column and its immediate surroundings we may infer the presence of changes, either of physiological or of pathological nature, which occur in the vessel wall. The problem which confronts the oculist is twofold:
(a) To recognize the existence of the hypertensive state from the fundal appearances, and (b) To recognize the presence of sclerosis, and to identify its type.
The Central Artery and its Retinal Branches In structure, there are striking differences between the central artery in the nerve and its branches in the retina. The central artery is a muscular vessel. Its wall consists of well-defined coats or tunics: endothelium, internal elastic lamina, zone of smooth muscle, and a relatively small amount of collagenous adventitia. The retinal artery, however, has no such arrangement into tunics. The endothelium is easily recognized, but there is no continuous internal elastic lamina. The remainder of the wall consists of cells and fibres having no regular arrangement. The cells are of fibroblastic appearance and the fibres are mainly collagenous with an occasional elastic fibre. There is a notable absence of smooth muscle cells in specimens well stained by van Gieson's method. Yet these arteriolar vessels of the retina are known to be capable of constriction and relaxation. Furthermore, it will be seen that the proportion of fibres and nuclei may vary, that the amount of collagen may be excessive, and that many new elastic fibres may appear in the walls of the vessels in certain circumstances.
Senile Involutionary Sclerosis The manifestations of senile involutionary sclerosis can be recognized with the ophthalmoscope. Ballantyne (1937) has described the features presented by senile retinal vessels in the absence of hypertension. Further evidence of decrescence is also to be found in the fundus background.
The optic disc is slightly pale and hollow. The retina shows disturbance of the hexagonal pigment layer, usually most marked at the temporal margin of the disc and in the macular region; colloid bodies occur in the fundus. The arteries, generally, are narrower, paler, less brilliant, straighter in their course, and branch more acutely than those seen in patients in the prime of life. The veins also are narrow. Fine parallel zones of partial concealment of the vein may be seen on both sides of the arterial blood column at some of the arteriovenous crossings. In the absence of hypertension, congestion of the vein distal to an arteriovenous crossing, indicating impediment to the venous return, has not been observed.
This picture is consistent with average good health in an elderly person, but is sometimes seen in middle-aged people whose general health is failing without obvious reason. Ballantyne points out that "senility is not a mere question of age. Changes commonly regarded as senile may occur in early middle life, and old age may find all or most of them absent". When this picture of senile JULY-OPHTHAL. 1 involutionary sclerosis is present it is associated with slight elevation of the systolic blood pressure, without corresponding elevation of the diastolic level, giving an increased pulse pressure. Greater force is required to move the same amount of blood into rigid vessels, thus raising the systolic pressure; and, since the resilience of the vessels is defective, the diastolic pressure is not proportionately maintained.
No more advanced changes than these are found in healthy old people.
Senile Involutionary Sclerosis with Hypertension
Certain fundi, while presenting general features of senility, show modifications in the vascular picture which fall into two types:
(a) The retinal arterioles remain pale, straight and narrow in their peripheral portions, but if one of them is followed from the periphery towards the disc, it suddenly becomes more red, wide and tortuous, resembling a normal vessel in a younger age-group. Towards the disc also, segments of unduly wide calibre may be separated by other segments which are of expected calibre ( Fig. 1) .
(b) In other arteriolar vessels, the main channel is unduly red, wide, and sinuous, well out to the periphery, while branches of the second and third order are pale, straight and narrow (Fig. 2 There is no increase in the degree of concealment at arteriovenous crossings. The length of vein distal to some of the arteriovenous crossings shows deeper colour, with increased width and tortuosity-congestion of the vein.
Those parts of an arteriole which have become largely fibrous and have lost resilience as a result of senile replacement fibrosis, cannot respond by active vasoconstriction in the hypertensive state. Thus arteriolar hypertonus is limited to the distal parts of the vessel and smaller branches, while fibrotic portions undergo passive stretching and thinning of the wall, with heightening of colour and increase in calibre and length. These vascular features occur -in elderly subjects or in younger persons who show manifestations of premature senility. The great majority of hypertensives seen in the ophthalmic out-patients clinic of a general hospital fall into this group. The patients are often symptom-free and the condition is recognized in the course of routine fundus examination, but sometimes they complain of headaches and giddiness and think they need a change of glasses. Several cases have presented on account of diplopia, with slight paresis of the extra-ocular muscles. The diastolic blood pressure has been found to range from 100-140 mm.Hg, while the systolic levels may reach 250 mm. or more.
It is important to recognize this group of cases, in which the larger retinal arterioles appear red, wide and tortuous even to the point of showing dilatations of calibre in the hypertensive state. Vessels of this description, set in a senile fundus background, give a picture which is consistentwith benign hypertension. undernnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnuniformnnnnnnnnnnnnnnnnnnnnmagnificationnnnnnnnnnnnnnnnnnnnnnnnnnnnn hypertension and a case of senile in-(x 300). Distance from disc in mm. Wide lumen, vouinarynnnnnnnnnnnnnnnnnnsclerosisnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnwithnnnnnnnnnnnnnnnnnnnnnnhypertensionnnnnnnnnnn thinal wall-relativeer fibrosiso, where lumen is narrow, Meannnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnwidthnnnnnnnnn wall isa.H n o r m a l . n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n H n n n n n n n n n n n n n a n d n n n n n n n n n n n n n n n n n n n n n n n n E n n n n natintervals of1mm.along the vessels. (Fig. 3 ). The walls of the retinal arteries never showed an absolute increase in the amount of collagen. Portions of arteries near the disc had a wide circular lumen with thin collagenous walls in which there was a relative scarcity of cells. The wide circular lumen suggested loss of resilience the walls were dis proportionately fibrous. Such portions were separated by segments of the vessels having more normal calibre thickness and cell content The small vessels were of normal appearance The width of the lumen and the thickness of the wall were estimated in microns from measurements taken at intervals of approximately 1 mm. along the length of a large retinal arteriole (Fig. 4) . The wide parts of the lumen were associated with thin relatively collagenous walls; the wall was more normal in appearance where the lumen was narrower.
Pathology of the Senile Hypertensive Group
Hypertension in Children Ballantyne (1937) has also drawn attention to the differences between the normal fundus appearances in the young and in the aged With regard to the former he states the picture as a whole is a more brilliant one, the surface reflexes of the retina are brighter, the arteries and veins have more sinuous curves, their blood columns are darker, and there is a broad and more continuous axial streak even in the veins" Transient hypertension which subsides rapidly with rest, is often if not always, associated with acute glomerulonephritis in children. I have observed 12 such cases during the past year, and have had fundal drawings made at various stages of the illness in selected cases The fundi were examined on admission and for a few weeks thereafter. Not all cases were hypertensive, but when hypertension was present it could be distinguished in the fundus by diffuse constriction of the retinal arterioles which appeared unduly pale, straight and narrow. Observation was repeated iasthese cases until the vessels regained more normal width and tortuosity. Sometimes this occurred quickly after the fall in blood pressure, but in other cases the vessels remained constricted for some ten days or more. In no case of acute glomerulonephritis with hypertension in children did we observe concealment at an arteriovenous crossing. In the vessels of a child age-fibrosis is minimal.
The straightening and narrowing of the retinal vessels in the hypertensive state is probably a manifestation of arteriolar hypertonus, supported by the fact that the vessels become wider and more sinuous after the fall of blood pressure.
Apart from this type of case, I am informed that hypertension in children is very rare and usually severe. 2 cases were observed concurrently, providing interesting and contrasting features.
Case 1.-Girl, aged 10 years. Pyelonephritis of one kidney. Specimens of urine from the opposite ureter were normal. The diseased kidney was removed and found to have a bifid ureter. Only one branch and its related renal tissue was affected by pyelonephritis. Hypertension persisted after operation and reached high levels (B.P. 260/170), although specimens of urine from the remaining kidney were still normal. Death occurred in terminal uremia twenty months from the onset of the symptoms. The course of the illness may have been prolonged by treatment with hexamethonium bromide.
The fundus picture was one of malignant hypertension when first seen about one year from the first symptom. The normal brilliance of the child's fundus was lacking. The disc was grossly cedematous, but the cedema was of clear type and did not obscure the small vessels on the disc surface. The retina was pale and slightly cedematous along the course of the main vessels. The arterioles were also pale, although of moderate calibre. They were unduly tortuous, and the loops occupied all three dimensions of the retinal space. Portions of the arteriolar walls were thickened and less translucent-hyperplasia of the wall. The blood column was even more pale, narrowed and finely variable in calibre, and there were broad parallel zones of concealment of the veins at arteriovenous crossings. The veins distal to such crossings were congested. The arterial branchings were wide-angled and back-curving. Small, round, hard-edged, white exudates were numerous around the disc and in the central area where there was a well-defined macular star. Many small hkmorrhages were present and were seen to come and go during a year's observation.
Case 2.-Girl, aged 10 years. Pyelonephritis was bilateral from the beginning. Death occurred in uremia three years later. Hypertension was severe for her age but the diastolic level was never over 115 mm.Hg.
The fundus picture was drawn about one year before death and is therefore comparable with the previous case. It presents certain contrasting features; there was gross cedema of the disc and some cedema of the .etina, but in this case the cedema was of a cloudy nature. Hard-edged, white exudates were minimal but patches of opaque "cotton-wool" exudate were frequent. In many places the vascular pattern was obscured by cedema or exudate which prevented consecutive study of a vessel along its length. Proximal portions of the artery, however, were seen to be red and wide (fibrosis) other portions -in the mid-zone were pale, narrow, finely variable in calibre, and showed broad bands of concealment at crossings (hyperplasia), while distal portions were straight and narrow (hypertonus). Veins were congested distal to arteriovenous crossings.
The first case must be regarded as one of malignant hypertension of renal origin in which renal failure was but a brief terminal episode. In the second case renal disease dominated the picture and was complicated by severe hypertension.
Hypertension in Adults of Intermediate Age
The clinical features of the normal adult fundus vary between the extremes met with in children and in the aged. The retinal arteries have an expected colour and width of calibre, and usually run a moderately sinuous course.
When hypertension occurs in people of the intermediate age-group, three main types of fundus picture can be recognized:
(1) Early hypertension with arteriolar hypertonus.
(2) Malignant hypertension with arteriolar hyperplasia and hypertonus.
(3) Established hypertension with secondary arteriosclerosis; fibrosis, hyperplasia, and hypertonus affect different parts of the same retinal arteriole.
Early Hypertension with Hypertonus The fundus background has none of the appearances associated with senility. The retinal arteries are slightly pale, and in general, straight and diffusely narrow, even up to the margin of the disc and on to its surface. There is absence of concealment at arteriovenous crossings but congestion of the distal portion of the vein is seen at some of the crossings. This picture is interpreted as hypertonus in young resilient vessels, associated with a raised level of diastolic blood pressure. Such cases are not uncommon.
Malignant Hypertension with Hyperplasia and Hypertonus
Although it is probable that a phase of simple hypertonus occurs as a brief prelude to the development of malignant hypertension in the retina, this transition has not yet been observed.
In malignant cases (Fig. 5 ), papilleedema and retinopathy are usually present when the fundus is first examined. The papilleedema is always well marked and is often associated with aedema of the retina. The clarity of the cedema fluid suggests that it is a transudate, and this is in contrast to the appearance in cases of renal retinopathy. Although the arteries may approximate to normal calibre near the disc, they are always pale. In some portions the pallor is accentuated and the calibre of the blood column is reduced and finely variable. Broad parallel zones of concealment are seen at many of the arteriovenous crossings, and are more marked if that segment of the artery shows increased pallor. These appearances suggest arteriolar walls, which are thickened but not necessarily rigid. They will be shown to be associated with hyperplasia of the supporting elements in the vessel walls.
The arteries are tortuous in three dimensions; the small vessels may be straight and narrow, suggesting hypertonus. This picture is associated with very high levels of diastolic pressure ranging up to 170 mm.Hg. Sudden visual deterioration is often the presenting symptom, and the patient is usually unaware of the gravity of his condition. Fortunately such cases are rare.
Pathology in Malignant Cases The pathological findings in this group are drawn from 3 cases and the same systematic method of examination was followed.
Illustrative case. Spinster, aged 50. Symptoms for two years. Five months before death B.P. = 260/150. A few hours before death B.P. = 260/170. Massive pericardial effusion. Died of heart failure. Post-mortem findings were those of malignant hypertension.
Ocular histology. Arteries in the optic nerve.-There was no evidence of fibrosis in the central artery. The lumen was wide and circular and the internal elastic layer reduplicated. The main feature was a swollen zone of smooth muscle in which individual elements lacked definition in all the stains. Smaller arteries in the periphery of the nerve showed well-marked hyperplasia of the internal elastic lamina.
The retinal arteries (Figs. 4 and 6) . The retinal arteries had thickened hazy walls in all stains. The wall-cells were not increased in number. Their nuclei were often much swollen and stained faintly; occasionally a nucleus was fragmented. Many new elastic fibres were scattered irregularly at all levels in the wall. The lumen was never excessively wide. In the smaller vessels it was diminished where the walls were most thickened, but was usually circular. Precapillary vessels were often markedly dilated with greatly swollen endothelial cells.
These changes suggest hyperplasia of elastic elements in the walls with cloudy swelling of all elements. They do not necessarily imply loss of resilience, but are probably associated with diminished translucency.
In addition to these general features in the vessels, focal lesions were observed in several arteries. The lesions were of the following types:
(1) Necrotic foci in the swollen wall.
(2) Acute arteriolar necrosis with dissecting haemorrhage.
(3) Intra-arteriolar thrombosis in relation to a focus of degeneration in the wall.
Arteriolar Thrombosis Arteriolar thrombosis occurs in severe cases of hypertension and can be recognized by the ophthalmoscope (Fig. 5) . A mass of haemorrhage appears around a retinal arteriole. The vessel is invisible distal to the hTmorrhage, but the proximal part is nearly filled with blood which is of deeper colour than arterial blood-thrombosis. The thrombotic blood column extends proximally almost to the parent artery, or, in other cases, to the nearest branch or branches, which are also thrombotic. The vessel then continues as a pale white ribbon until it joins the parent vessel. In the course of a few weeks the hkmorrhage becomes slightly larger and less dense, and the vessel may be seen within it as a white ribbon; the thrombotic blood column disappears, the distal portion first.
This picture probably results from focal necrosis in the arteriolar wall, and may well be associated with similar lesions in the vessels of other organs. It has been seen in severe cases of benign hypertension as well as in malignant cases.
Established Hypertension with Secondary Arteriosclerosis
Apart from the early cases with generalized constriction of the retinal arterioles, and occasional cases showing malignant features, the great majority of middle-aged people with hypertension fall into a group presenting mixed changes in the same retinal arteriole (Fig. 7) . There is no evidence of senile changes in the fundus. The disc is normal, or has a pale white haze which does not obscure the vessels on its surface; there is no gross papilleedema. The arterioles are, in general, more tortuous than normal and there is impediment to venous outflow at arteriovenous crossings so that the veins appear full and tortuous distal to the crossings. Small arterioles, and the more distal portions of the larger ones, are straight and narrow hypertonus. In the mid-zone the arterioles are bounded by broad parallel zones of concealment of the veins at arteriovenous crossings and in these thick-walled portions the colour of the blood column is pale and its width finely variable but narrow-hyperplasia of the arteriolar wall. Nearer to the disc the arterioles appear red and full-fibrosis.
Such cases cannot be classified as malignant hypertension, and yet are more severe than the elderly fibrotic type. These patients usually give a history of four or more years' duration and often the hypertension proves to have originated in chronic nephritis or toxemia of pregnancy. In hypertensive subjects, if given time, healthy vessels go through a process of adaptation from physiological hypertonus, by way of hypertrophy and hyperplasia, to partial replacement fibrosis. The appearance of these vascular changes of mixed type in the same retinal arteriole in hypertensive cases is consistent with moderately severe elevations of the diastolic pressure (110-140 mm.Hg). This fundus picture is associated with a severe degree of benign hypertension, and usually occurs in young and middleaged people.
Pathology in Hypertension with Secondary Arteriosclerosis It has only been possible to examine one case in this group, but the findings are worth recording. Case.-Male, aged 74. The left kidney was removed twenty-five years ago because of pyelonephritis. He was found to.have hypertension eighteen months ago. B.P. = 270/130. The right eye was excised on account of a malignant melanoma situated nasal to the disc. Fibrotic, hyperplastic, and hypertonic portions of the superior temporal artery were labelled on a fundus sketch before excision of the eye. The retina was photographed on the flat. Histological techniques already described were used to study the material.
Histology of the Retinal Vessels (Fig. 8 ) Fibrotic portion.-The lumen was wide and the wall relatively thin. There was a relative diminution in the number of wall cells. The wall was mainly collagenous, although a few elastic fibres were distributed throughout the collagen.
Hyperplastic portion.-The lumen was more narrow and circular, and the wall thicker. The wall contained many new elastic fibres amongst the collagen; a considerable number of nuclei were present. All the elements stained fairly well, in contrast to the appearance in malignant cases with hyperplasia of the supporting elements. SUMMARY Decrescence appears slowly in the arterie3 with advancing years, but may be accelerated by social, economic or hereditary factors.
Cases of hypertensive disease may be classified by the fundal appearances into two main groups: A. Those associated with retinal evidence of senile or premature involutionary sclerosis. B. Those without such features. In the first group, hypertension occurs in vessels already largely defended by involutionary sclerosis. The fibrotic portion of the vessel stretches with increased pressure, while vasoconstriction is limited to peripheral vessels and smaller branches. This picture is associated with true benign hypertension.
In the second group, early cases show arteriolar hypertonus in the retina. A few cases present with advanced retinopathy of malignant type; the vessels have the features of hyperplastic change and hypertonus. Many other cases, however, present a fundal picture in which fibrosis, hyperplasia, and hypertonus are found in different portions of a single retinal artery and its branches. Although these latter cases are more rapid in development than the elderly decrescent type, they do not run the course of malignant hypertension; the fundus appearances are associated with a severe degree of benign hypertension and the arteriosclerosis is of reactive or secondary type.
The retinal manifestations of hypertensive disease are of frequent occurrence, and can often be detected initially with the ophthalmoscope before the patient has had occasion to consult a physician.
The retinal arteries may be well defended by senile involutionary sclerosis. They may be young and plastic, and therefore more liable to suffer acute degenerative changes; or they may show evidence of secondary reactive sclerosis when the hypertension is of slower evolution. These various types of sclerosis can be recognized in the fundus and this may be the only direct evidence of the state of the arteries available to the physician or the vascular surgeon.
This work was carried out at the Tennent Institute of Ophthalmology, and in the wards of the Western Infirmary, and the Royal Hospital for Sick Children, Glasgow.
Mr. Leishman's paper, said he had followed up a series of cases from the prognostic point of view, to ascertain whether there was any correlation between the vascular appearances and the prognosis as regards duration of life. It had appeared that there was a considerable degree of correlation: the more degenerative the vessels the worse the prognosis. The most significant feature was the calibre of the vessels, the most serious significance of all being associated with the most finely attenuated vessels. These appeared to carry the worst prognosis. On the other hand, strangely enough, the hemorrhages and exudates which were associated with such cases did not appear to carry the same prognostic significance. There was a definite correlation between the changes in the vessels and the blood pressure. Both were important from the point of view of assessing the prognosis, but of the two, it appeared that the changes in the vessel walls were the more significant. It seemed a pity that insurance societies did not employ ophthalmologists, rather than general physicians to assess such cases.
Dr. L. B. Somerville-Large had been carrying out work for a number of years on the toxxmias of pregnancy. He found that in such cases there was a high blood pressure over a comparatively short period of time, and change in the retinal vessels. He used the phrase "angiospasm" frequently when talking to post-graduates and in papers he had written on the subject. He would have used the phrase "local angiospasm" in regard to a number of the illustrations shown during Dr. Leishman's Address. Was he right in assuming that the correct description would be a thickness of the wall of the vessel which produced the narrow lumen shown, rather than an angiospasm? Personally he had never seen a single angiospasm in a toxxmia of pregnancy disappear, though he was aware that it had been described. He had been examining these cases for nearly twenty years and was about to undertake a much wider survey. If the toxavmias of pregnancy fell into the group so beautifully shown in this paper, where the vessel wall was thickened, then one would not expect the vessel wall to become normal. The vessel would go throughout life with what appeared to the speaker to be a local angiospasm.
Perhaps the strangest factor in the toxlemia of pregnancy was that the individual could have a severe eclampsia with enormously high blood pressure and no change whatever in the vessel walls, whereas there could be a comparatively low, though sustained, blood pressure and gross changes in the vessel walls.
The speaker added that he was extremely sorry that in the particular case in which sections of the arteries were made and one saw the retina when removed and before the sections were cut, none of them went through the part he personally would have been particularly interested to see, namely, the narrow area of the vessel. All the sections had been taken through the thicker areas; none through what he would regard as being the angiospasm.
Dr. Robert Leishman in reply said that on the prognosis attached to attenuated vessels extreme hypertonic attenuation indicated young healthy arterioles and, in general, the more severe manifestations of hypertensive disease were likely to develop in such vessels.
In reply to Mr. Somerville-Large, he had carefully avoided the use of the term "angiospasm" in favour of the conception of arteriolar tonus. Spasm seemed to imply a sudden and transitory vasoconstriction, and its use had recently been deprecated when applied to a condition of sustained hypertonus in a vessel wall. It was significant that, in the course of examining many fundi day by day, constricted portions of vessels were not seen to relax suddenly during observation, although this would be expected to occur if the constriction were spastic. The term "angiospasm" might properly be applied to a local region of constriction in a retinal vessel at the site of an embolus. He could recall a case in which such a local constriction had disappeared by the third day, but the actual relaxation of the spasm had not been observed.
Hypertension occurring in pregnancy was of particular interest because the hypertensive state might undergo reversion with termination of pregnancy. The pregnancy group might also include two types of case, differing according to whether hypertension developed early or late in pregnancy.
With regard to the histological appearance of the small arterioles, the walls were often normal suggesting a correlation with hypertonus in life. In malignant cases the capillary vessels were often markedly dilated with swollen endothelial nuclei.
Asked whether one of the young patients had shown relaxation of the constriction of the arterial wall, Mr. Leishman said that this was so. Vessels which were straight and narrow one day showed an appreciable difference in width and tortuosity on the following day, but the actual transition from one state to the other was not observed in any case during examination. The relaxation of hypertonic vessels in cases with high blood pressure did not seem to be a sudden process.
The President thought that more information would come from Dr. Leishman's work because of the intention to follow up the cases and observe their movement from one category into another; this analysis would form the essential proof of the thesis put forward. It would be a long-term project but already a large amount of interesting material had been collected.
